The study was carried out to compare the effects of unfermented and fermented African locust bean on laying performance, haematology and serum biochemical profile of hens in a twelve week feeding trial. The unfermented African locust bean (UALB) contained seeds that were dehulled and boiled in water, without going through fermentation. The fermented African locust bean (FALB) contained seeds that were dehulled, boiled in water and made to undergo natural fermentation for 4 days. One hundred, 40-week old, laying hens (Nera black) were randomly assigned to five dietary treatments in which UALB and FALB replaced soybean meal at 50% and 100% levels. Trypsin inhibitor (TI) activity was higher in the raw African locust beans (RALB), but no trace of the TI was contained in the UALB and FALB. However, higher residual amounts of tannin (38.10 mg/g) and phytate (2.80 mg/g) were obtained from the UALB. Egg weight and hen day production were significantly (p < 0.05) reduced in birds fed 100% UALB. Haemoglobin was similar (p > 0.05) across the groups of hens. The packed cell volume, red blood cells and white blood cells were significantly (p < 0.05) reduced in hens fed 100% UALB. Alanine transaminase, aspartate transaminase and alkaline phosphatase were significantly (p < 0.05) higher in birds fed 50% UALB and 100% UALB respectively. Marginal differences were however obtained in all the response indices between hens fed the control diet, 50% FALB and 100% FALB respectively. It was therefore concluded that fermentation was a better processing method for optimal utilization of Africa locust beans in diets of laying hens.
INTRODUCTION
The high cost of animal protein has directed interest towards several leguminous seed proteins as potential sources of vegetable protein for human food and livestock feed. Among the plant species, grain legumes are considered as the major source of dietary proteins. They are consumed worldwide, especially in developing and under developed countries where consumption of animal protein may be limited as a result of economic, social, cultural or religious factors (Esenwah and Ikenebomeh, 2008) . Prominent among the grain legumes in poultry feeding are the conventional soybean and groundnut, but these commodities are faced with dwindling local production especially in sub Saharan Africa, hence the need for continued exploration for underutilized grain legumes.
African locust bean is among the under-utilized grain legumes (Owoyele et al., 1987) . According to Omafuvbe et al. (2004) , the crude protein content of African locust beans is similar to those of cowpea, jack bean, lima bean and pigeon pea. The crude protein is a rich source of essential amino acids, minerals and vitamins. African locust bean had been successfully fermented for the production of food condiments in seasoning foods in Nigeria and other West African countries (Odunfa, 1986) .
The potential of locust beans seed in the nutrition of humans and animals has been assessed (Eka, 1979; 1980) . However, being a grain legume, it contains some antinutritional factors such as trypsin inhibitor, tannin, phytate and saponins. Several studies have been carried out by different investigators on improving the nutritive quality of African locust bean. The efficacy of fermentation at improving the nutritive quality of legumes has been noted (Muller, 1988; Omafuvbe et al., 2004) . Improved performance traits, nitrogen retention and feed utilization of broilers fed fermented African locust bean as replacement of groundnut cake have been reported by Kolo (2000) , Ayanwale and Ari (2002) and Dawodu (2009) . Based on these findings, this study was carried out to compare the effects of fermentation of African locust bean on egg laying performance, haematological and serum biochemical indices of hens.
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MATERIALS AND METHODS
Raw African locust bean were sourced from local markets in Ibadan, South western Nigeria. The seeds were air-dried and sorted to remove unwanted particles. The procedural methods of fermentation as described by Omafuvbe et al. (2004) were used to process the African locust beans in this study. Two equal batches of the raw African locust bean were separately boiled in water for 12 hrs. Thereafter, the seeds were soaked further in the water used for boiling for another 12 hrs overnight. After soaking, excess water was drained off while the seeds were manually dehulled using the feet to press them in a large wooden mortar. Further removal of the seed coat was achieved by rubbing the seeds between the palms of the hand and washing with water. The dehulled seeds were then cooked for another 6 hrs . The first batch was subsequently oven-dried at this stage, bagged and labeled unfermented African locust bean (UALB).
The second batch of the cooked and dehulled seeds was put in a fermentor, and allowed to undergo natural fermentation for 72 hrs. Thereafter, the resulting cotyledons were oven dried, bagged and labeled fermented African locust bean (FALB).
Chemical Analysis
Analytical methods of AOAC (1984) were used to determine the crude protein, fibre, ash, ether extract and nitrogen free extract of the raw, unfermented and fermented African locust beans. Concentrations of trypsin inhibitor, tannin and phytate were determined using the procedural methods as outlined by Liener (1979) , Dawra et al. (1988) and Maga (1983) .
Experimental Diets
Five experimental diets (Table 1) were formulated in which UALB and FALB replaced soy bean meal at 50% and 100% levels. Minor adjustments were made in the other ingredients to make the diets isonitrogenous and isocaloric. Methionine and lysine were added to each diet to ensure that the amino acids were not limiting for growth.
Experimental Birds
A total of 100 laying hens (Nera black) of 40 weeks old were randomly allocated into five dietary treatment groups at 20 birds per group in a completely randomized design experiment. Each group was further subdivided into five birds per replicate. The birds were raised in battery cages and adequately dewormed in the first week of the experiment. Food and water were served ad libitum. At the end of the 12 th week, the experiment was terminated. Parameters used to measure the daily laying performance were feed intake, egg weight, feed conversion ratio and hen day production. The feed conversion ratio of each replicate was determined by dividing the feed intake by the egg weight.
Analytical Measurements
At 84 days, blood samples were collected from eight live birds per group (2 per replicate group) from the jugular vein. Blood samples for haematological analysis were collected into sterilized bottles containing ethylene diamine tetra acetic acid (EDTA) as anti-coagulant while those used for serum biochemical analysis were collected into tubes without EDTA and centrifuged before analysis. Packed cell volume (PCV) was determined using the microhaematocrit method while the haemoglobin content was determined with the cyanomethaemoglobin method (Apata, 1990) . Red blood cell count was determined using the Neubauer haemocytometer, while alanine transaminase, aspartate trasaminase and alkaline phosphatase were determined with a spectrophotometer. 2636.91 UALB = Unfermented African locust Beans; FALB = Fermented African locust Beans, 0.30 premix supplied, per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 2,000 IU; vitamin E, 50 IU; vitamin B1, 1 mg; vitamin B2, 3 mg; vitamin B6, 1 mg; vitamin B12, 10 µg; vitamin K, 2 mg; copper (cupric sulphate), 75 mg; nicotinic acid, 12 mg; pantothenic acid, 10 mg; iron, 200 mg; cobalt, 0.5 mg; manganese, 40mg; zinc, 90 mg, iodine, 1 mg; selenium, 0.2 mg; calcium, 31.25 g; sodium, 10 g
Statistical Analyses
The experiment was carried out using the completely randomized design. The data were analyzed by analysis of variance. When analysis of variance indicated a significant treatment effect, means were separated using the Duncan multiple range test (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
The analysis for proximate composition showed that raw African locust bean (RALB) had high crude protein (CP) content ( Table 2 ). The CP significantly (p < 0.05) increased in the FALB, but marginally (p > 0.05) reduced in the UALB when compared to RALB. The ash, fat, and crude fibre contents were marginally reduced in both the FALB and UALB. The proximate composition obtained in the RALB is similar to the reports of Akoma et al., (2001) , Omafuvbe et al. (2004) and Ari and Ayanwale (2012) . The CP obtained in the RALB is close to the 30.6% reported by Eka (1979) .The increase in the CP in the FALB is similar to the findings of Odebunmi et al. (2009) and Tortora et al. (2002) who attributed significant (p < 0.05) increase in CP of fermented locust beans to structural proteins that are integral part of the microbial cells.
Results showing the antinutritional factors (ANFs) are presented in Table 3 . Higher values of tannin (43.5mg/g), phytate (3.5mg/g) and trypsin inhibitor (6.1 Tiu/g) contents were obtained in the RALB. Trypsin inhibitor activity was destroyed in the UALB and FALB, while higher significant (p < 0.05) reductions in tannin, phytate and oxalate were obtained in the FALB. The tannin, phytate and trpsin inhibitor contents obtained in the RALB in this study are close to the values reported by Adeniran et al. (2013) . The destruction of the trypsin inhibitor in both the UALB and FALB can be attributed to the cooking method used in this study. Moist heating has been established as a convenient means of eliminating trypsin inbitor and heamagglutinin activities in grain legumes (Emiola et al., 2003; Ologbobo et al., 1993; Udedibie and Carlini, 1998) . Fermentation method of processing locust beans was able to considerably reduce tannin, oxalate, saponinns and phytate (Omafuvbe et al., 2004; Ari and Ayanwale, 2012) .
The egg laying performance is shown in Table  4 . Feed intake was similar (p > 0.05) across the groups of hens. However, the egg weight (EW) and hen day production were significantly (p < 0.05) higher in hens fed 100% FALB, 50% FALB and control based diets, respectively. The lowest EW was obtained in hens fed with 100% UALB based diet. The feed conversion ratio (FCR) was higher (p < 0.05) in hens fed 50% UALB and 100% UALB based diets. The similarity in the feed intake across the groups of hens in this study can be attributed to the destruction of the trypsin inhibitor activity in both the UALB and FALB in the process of boiling the seeds. This observation is consistent with the reports of Ologhobo et al. (1993) and Akanji (2002) on similarities in feed intake of broiler chickens fed cooked jack bean-based diets and control diet. Akanji et al. (2007) fed raw jack beans and bambara nuts and reported significant negative correlations between feed intake and trypsin inhibitor intake. However, the reduction in the egg weight of the hens fed 100% UALB can be attributed to the likely increase in tannin and phytate intakes. The tendency of phytate and oxalate to make bivalent minerals and dietary protein unavailable for metabolism and utilization in chickens as reported by Israr et al. (2013) can be attributed to the lower egg weights obtained in the hens fed UALB based diets. Forbes et al. (1984) note that phytic acid chelates and thus makes unabsorbable such important minerals as zinc, iron, calcium and magnesium in monogastric animals. The FCR and lower hen day production in hens fed the 50% UALB and 100% UALB in this study can be attributed to poor utilization of the diets by the hens. Ebadi et al. (2005) reported negative effects of tannin on egg weight and egg production of laying hens fed sorghum. According to Ravindran et al. (1995) and Kornegay (1996) , low ability of poultry to utilize phytate phosphorus is due to insufficient quantity or lack of intestinal phytase secretion. The inability of poultry to utilize phytate phosphorus results in the excretion of large amounts of phosphorus, posing an environmental concern in areas of intensive animal production. The phytate-bound phosphorus is unavailable to monogastric animals as they do not naturally have the phytase enzyme needed to break it down. Mustafa et al. (2012) reported the use of microbial phytase to improve egg weight, hen day production and egg quality of chickens fed diets rich in phytate. The effects of fermentation at reducing phenolic compounds, tannin and phytate contents of sorghum gruels were reported by Elicato (2006) . This probably led to better egg weight and hen day production in birds fed FALB in this study.
The haematological indices and serum biochemical values are presented in Tables 5 and 6. The haemoglobin values were similar (p > 0.05) across the groups of hens. The packed cell volume (PCV) was significantly (p < 0.05) higher in hens fed control diet, and followed by those fed 50% FALB and 100% FALB. The lowest PCV value was obtained in hens fed 100% UALB. The red blood cells (RBC) were least of hens fed 50% UALB and 100% UALB. The white blood cells (WBC) followed a similar pattern to that of the RBC. The highest (p < 0.05) mean corpuscular volume (MCV) was obtained in hens fed control diet, while those fed 50% FALB and 100% FALB followed in MCV values. The mean corpuscular heamoglobin (MCH) values were similar (p > 0.05) between hens fed control diet, 50% FALB and 100% FALB based diets. The neutrophils were significantly (p < 0.05) reduced in hens fed 50% UALB and 100%UALB. The lymphocyte contents were similar (p > 0.05) across the groups of hens.
The alanine transaminase (ALT) was significantly (p < 0.05) higher in hens fed 50% UALB and 100% UALB. Similar (p > 0.05) values of ALT were however obtained in hens fed control diet, 50% FALB and 100% FALB. The highest (p < 0.05) aspartate trasaminase (ASP) was obtained in hens fed 100% UALB. The ASP value of hens fed 50% UALB diet was significant (p < 0.05) than those of hens fed 100% FALB, 50% FALB and control diet. Hens fed 50% and 100% FALB had similar ASP rate while those fed the control diet had the least ASP rate. The serum total protein was higher (p < 0.05) in hens fed control diet, and followed by those fed 50% FALB and 100% FALB. The alkaline phosphatase was higher (p < 0.05) in hens fed 100% UALB and 50% UALB diets. The increases in the RBC, PCV and WBC in hens fed FALB based diets are similar to the findings of Ari and Ayanwale (2012) when broiler chickens were fed with fermented African locust bean. The values of alanine transaminase, aspartate trasaminase, alkaline phosphatase and serum total protein obtained in the birds fed UALB based diets are similar to the values reported by Ologhobo et al.(1993) , Aletor and Ogunyemi(1988) and Aletor and Fetuga (1984) who linked increased activities of hepatic transaminases in rats fed some raw legumes to high catabolism of amino acids and liver cell damage as a result of the inherent anti-nutritional factors.
CONCLUSION
Results of this study showed that egg laying performance; haematology and serum indices of hens were significantly better when FALB was included in their diets. The FALB had higher crude protein, and lower tannin, oxalate and phytate contents than UALB. The results also showed that fermentation is necessary for optimal utilization of dietary Africa locust beans by laying hens. 
INTRODUCTION
The castor bean plant belongs to the spurge family Euphorbiaceae. Castor bean, the single member of the African genus Ricinus, presents a wide variation regarding vegetative traits such as leaf and stem colors, number and size of leaf lobes and the presence of wax covering the stem (Savy, 2005) . Castor bean is cultivated for the seeds which yield vicious, pale yellow non-volatile and nondrying oil. The oil has been used only for industrial and medicinal purposes (Ogunniyi, 2006) . It is widely used as a laxative-cathartic agent, particularly in cases of certain radiological examinations which require prompt and thorough evacuation of the small intestine (Stubiger et al., 2003) . Castor oil is one of the few naturally occurring glycerides with high purity since the fatty acid portion is nearly 90% of ricinoleic (Akpan et al., 2006) . The oil is not only a naturally occurring resource;
it is also inexpensive and environmentally friendly. Relative to other vegetable oils, it has a good shelf life. Hot pressing via hydraulic presses extracts between 75 and 85% of the oil contained in castor beans, while the remaining press cake has about 12% oil content (Mensah and Ochran, 2005) . Ogunniyi (2006) found out that mechanical pressing will remove about 45% of the oil and the remaining oil in the cake can be recovered only by solvent extraction. Many publications reported that ricinoleic acid is a major component in castor oil; 89.2-94.9% (Conceicaoet al., 2007) , about 70-90% (Fogalia et al., 2000) , 87-90% (Puthli et al., 2006) 89% (Ogunniyi, 2006) and 90.2% (Conceicao, 2007) . Ramos et al., (1984) had surveyed 36 castor bean varieties in Brazil for oil and fatty acid composition. A large variability of seed oil percentage was observed, ranging from 39.6-59.5%.
Castor oil has been used for coating fabrics and other protective coverings, in the manufacture of high-grade lubricants, transparent typewriter and printing inks, in textile dyeing, in the leather preservation and in the production of 'Rilson', a polyamide nylon-type fiber (Puthli et al., 2006) .
The spiny seed pod or capsule is composed of three sections or carpels which split at maturity. Each carpel contains a single seed and as the carpel dries and spilt open, the seed is often ejected with considerable force (Meinder and Jones, 1995) . Castor seeds are nearly flattened and oval but differ in size and color. The seeds may be white, black, brown or several colour occurring as very attractive mottling on testa (Mensah and Ochran, 2005) . Lit et al. in castor seeds. The most striking ones are red, white and gray. Others are faint chocolate, deep chocolate and purple. The sizes of castor seed have been reported to vary from a few millimeters long to about 20 mm in the giant species (Weiss, 2000) . The seed weight varies. For instance, seeds found in Nigeria and Kenya has been reported to weigh 69.3 and 59.2 g, respectively (Li et al., 2008) .
The typical fatty acid composition of castor oil shows ricinoleic to be within the range of 89.5-95%, Linoleic acid 4.2-4.5%, Palmitic and Stearic acid 1-2% (Salunkhe and Desai, 1986; Mensah and Ochran, 2005) . According to Indian standard, good quality castor oil should have an acid value less than 3-4, saponification value 175-185, hydroxyl value 160-170, iodine value 82-90, refractive index 1.473-1.477 and specific gravity 0.945-0.965 (Weiss, 2000) .
The fatty acid composition of Malaysian castor seed oil reveals that ricinoleic acid comprises over 84% of the total fatty acid composition (Jumat et al., 2010) . Other fatty acids present were linoleic (7.3%), oleic (5.5%), palmitic (1.3%), stearic (1.2%) and linolenic (0.5%). The unsaturated fatty acids content was 97.5% of the total fatty acids composition. Gupta et al. (2006) reported that the ricinoleic acid content from India and Brazil castor bean oils were 94.0% and 90.2%; which were higher than Malaysian sample.
Although several works have been carried on castor in other parts of the world, such is virtually unavailable for castor under Nigerian environmental conditions. Hence the objective of this work was to determine the physicochemical and oil properties of the different accessions. The research will provide information on the performance of castor in derived savannah Agro-Ecology (Enugu State) since such information virtually unavailable.
MATERIALS AND METHODS
Four accessions of R. communis were collected from four different locations namely Nsukka, Ibagwa-Aka, Aninri and Enugu-Ezike (6.84-6.98º N, 7.38-7.44º E) in Enugu State, Nigeria. The accessions were collected from these areas in order to evaluate castor in Enugu State. The experimental plot measured 390 m 2 and the experiment was laid randomized complete block design (RCBD) with three replications. Each block measuring 3 m by 4 m was subdivided into four plots with 0.5 m spacing between plots. A total of nine seeds of each accession were sown in each block at planting depth of 7-8 cm in the soil. The different genotypes were randomly assigned to each of the four plots. Randomization was repeated for each block. Standard cultural practices were applied to all plots. The seeds were harvested after 120 days when capsules color changed from green to brown. To determine the average seed size, 100 clean seeds were randomly picked from the harvested seeds after planting and their linear dimensions namely; length (L), width (W) and thickness (T) were measured using micrometer-caliper with an accuracy of 0.05mm. The surface area, arithmetic mean, geometric mean volume and sphericity were determined using the procedure outline by Mohsenin (1986) . Accessions one and four were spiny in texture and large in seed size while accession two was small in size and accession four was medium in size. The seeds harvested from the field were cleaned and sorted before grinding into a paste for oil analysis. The oil analysis was done at Springboard Laboratory, Awka in 2014. A soxhlet extractor was used for solvent extraction of the oil and the color of the castor oil upon extraction is pale yellow. The solvent used was hexane and it was repeated several times, at the end of the extraction, the resulting mixture called miscella containing the oil was heated to recover the oil. The residual oil was collected and used for analysis. The pH, moisture content, specific gravity, viscosity, ash content and saponification were determined according to AOAC (1997) . Fatty acid composition of the oil was determined by modified acid-catalysed esterification and transesterification of free fatty acids using Method Ce 1-62 of AOCS (1997). The crude protein value was determined using the kjeldahl method. The fibre content was determined using the method of AOAC (1997) . Parameters such as phytate, tannin and lectin were determined for each of the four randomly selected accessions. The potassium content was determined by the flame photometry method while phosphorus content was determined using the ascorbic acid method. The seed volume and the surface area were calculated using the method described by Jain and Bal. (1997) . The data collected were analyzed using SPSS. Statistically significant differences were detected using LSD at P = 0.05 level of significance. Table 1 shows the axial dimensions and other parameters of the seeds of different accessions. The weight of 100 seed varied from 16.24-70.72 g. A1 (Accession 1) had the highest 100 seed weight of 56.07 g. The sizes of castor seed have been reported to vary from 10 millimeters long to about 20 mm in the giant species (Weiss, 2000) . The seed varies greatly in size, from a few millimeters to about 250 mm long in giant types and from 5 to 16 mm in breadth. The 100 seed weight may vary from 10-100 g, averaging about 30 g in dwarfs and the mean weight of castor seeds has been reported to vary from 10-100 g; for instance, seeds found in Nigeria and Kenya have been reported to weigh 69.3 g and 59.2 g per seeds respectively (Salunkhe and Desai, 1986; Li et al., 2008) . The length varied from 8.94-16.80 mm. A1 had the highest length Udoh, O.E., Abu, N.E., Ugwueze, C. and Ebeifenadi, U.C. 8 DOI: http://dx.doi.org/10.4314/as.v15i1.2 value (16.8 mm). The range of width varied from 6.1-12.6 mm. The A3 have the highest width value of 12.6 mm. The arithmetic mean of all the accessions ranged from 6.99 to 12.1 while the geometric mean ranged from 6.44 to 11.41. The arithmetic mean of A3 is the highest with the value of 12.1 while A2 had the lowest arithmetic mean of 6.99. The geometric mean of A3 had the highest mean of 11.41. A3 had the highest surface area of 344.86 mm 2. It ranged from 100.79 mm 2 to 344.86 mm 2 . A3 had the highest volume of 843.94 mm 2 . Generally, the mean surface area and volume were high for the large-seeded accessions when compared to the small seeded accessions. The mean sphericity ranged from 0.58 to 0.69. These characteristics are necessary for the design of equipment and machines for the transportation, sorting, cleaning, handling, drying and storage of the seeds of these various castor genotypes.
RESULTS AND DISCUSSION
The result of fatty acid composition of the seed oil showed that ricinoleic acid comprised 84 % of the total fatty acid composition (Table 2) . Other fatty acids present were linolenic acid (0.5%), stearic acid (1.3%), palmitic acid (1.5%), dihydrostearic acid (1.5%), oleic acid (3.5%) and linoleic acid (7.5%). The unsaturated fatty acids content was 97.6% while the unsaturated fatty acids content was 97.6%. The ricinoleic acid content from Nigerian accessions agrees with those in Malaysia (84.2%) but differs from those obtained in India (94.0%) and Brazil (90.2%) (Jumat et al., 2010) . Gupta et al. (2006) reported that the high content of ricinoleic acid of castor accessions might be due to the difference in climatic conditions. Similarity was observed in the unsaturated fatty acid content which is 97.5, 98.3, 97.6 and 97.6% for the Malaysia, Brazil, India and Nigeria genotypes used in this work, respectively. The reason for this similarity may be due to the report that samples from Nigeria are more unsaturated due to the content of polyunsaturated fatty acids (PUFA). However, in most cases the castor bean oil consists mainly of 12-hydroxy-9octadecaenoic acid; ricinoleic acid. Castor bean oil is suitable for industrial application due to the presence of hydroxyl groups (Ogunniyi, 2006) . The presence of the hydroxyl group allows chemical derivation of the oil or modifies the properties of castor oil relative to vegetable oils which do not have the hydroxyl group. The hydroxyl group in castor oil can be acetylated or alkoxylated by using dehydration process to increase the unsaturation of the oil compound to provide the semi-drying castor oil. Its presence adds the extra stability to the oil thereby preventing the formation of hydroperoxides (Akpan et al., 2006) . Table 3 shows the result of physicochemical characteristics of castor oil. The oil shows high iodine value of 84.6 mg/g. This is due to its high content of unsaturated fatty acid. The iodine value in this work compares well with Malaysia accessions (Jumat et al., 2010) . The oil could be used extensively as lubricants and hydraulic brake fluids. The saponification value of 182.9 mg/g reported in this work was almost in the range reported by Ogunniyi (2006) which was 177-182 mg/g. The high saponification value of the oil implies that it consists primarily of high molecular weight fatty acid glycerides. Castor oil obtained from cold pressing has low acid value and has higher saponification value compared to the solvent-extracted oil (Ogunniyi, 2006) . Aldo et al. (2012) reported that solvent-extracted oil was high in acid value (10 mg/g) compared to the value from the present study which was 3.085 mg/g. The difference in acid value can be attributed to the quality of the oil and factors such as immature seeds and poor storage conditions. The acid value also compared favorably with that obtained for crude Jatropha oil (3.38) and Africa oil bean seed (3.25) (Esther et al., 2008; Aldo et al., 2012) . Physically, castor oil is a viscous, pale yellow, clear liquid at room temperature (27 o C) and showed no solid fat content at 0 o C. The oil is high in viscosity although this is unusual for a natural vegetable oil. The pH of the sample (6.11) is an indicative of the presence of a reasonable quantity of free fatty acid in the oil, which is a good indicator of the advantageous utilization of the oil in soap making. The moisture content of the crude oil was 4.4. Low moisture content could be an indication of good shelf life characteristics (Abitogun et al., 2009) . The specific gravity value reported in this study is in line with Mensah and Ochran (2005) and Akpan and Mohammed (2006) .
The proximate composition of the castor seeds analyzed showed a marked variation in the six parameters. The moisture content varied from 9.02 to 9.66%. A2 had the highest moisture content (9.66%). The ash ranged from 6 to 8 g. A1 has the highest ash value. The crude oil ranged from 22.9 to 27 g. A2 had the highest oil value of 27 g. Fibre values differed from 2.5 to 26.4 g. Protein content ranged from 15.67 to 26.27 kJ. Carbohydrate varied from 27.28 to 39.75. The magnesium content varied from 0.528 mg/dl. Calcium varied from 0.48 to 0.68 mg/dl. Phosphorous differed from 0.31 to 0.72 mg/dl and potassium from 10.81 to 12.13 mg/dl. The oxalate ranged from 4.90 to 6.25 mg/l. Tannin varied from 8.04 to 17.21 mg/l. Phytate ranged from 0.10 to 0.16 mg/l. Lectin differed from 0.11 to 0.18 mg/ml. The crude fiber was observed to be generally low because the seeds were dehulled except for accession one. This shows that castor seed could be used as animal feed. Akande et al. (2012) also reported that lower fiber content will influence the utilization of other nutrients by the animals when castor seeds are used in feed formulation. The crude oil content was observed to range from 22.9 to 27.0%. This was low compared to the crude oil content of castor seed reported by earlier researchers (Adel et al., 2011; Britannica, 2012) . The fibre content influence the utilization of other nutrient by the animals and it is very imperative to dehull castor seed before applied to animal feed particularly in the mono gastric feeding system (Akande et al., 2012) . Higher oil content associated is advantageous in oil based industries and seed yield. Analysis of the mineral content showed a higher percentage of potassium. The potassium content of the seeds ranged from 10.81 to 12.13%. This shows that castor seed could be a good source of potassium in diet when well fermented to minimize ricin poisoning.
The anti-nutritional factors analyzed indicated that tannin factor was high among all the antinutritional factors (Table 4 ). It was highest in accession 5. Lectin is a high toxic chemical component which can cause death by producing activities of agglutination when even in a very low concentration. Weiss (2000) states that a dose of 0.0035 mg may kill a man and even small particles in open sores and in the eyes may prove fatal. The anti-nutritional factors have been reported to be responsible for the improper utilization of other nutrients present in the seeds.
CONCLUSION
The results of this study have indicated that several varieties of castor seeds found in Enugu State have different physical and chemical properties. The results of the chemical analyses have shown that castor seeds contain high nutrients with potentials to meet the nutritional requirements of farm animals if they are given proper treatment. Since seeds contain high nutrients with high potassium content, the use of the seeds as food condiment can be justified. However, one important limiting factor in the use of castor as a complementary nutrient is the presence of the poisonous ricin content of the seed. Therefore, it is advisable that the seeds should be well fermented and properly treated before they can be used either as food condiment or feed for animals.
INTRODUCTION
Lablab purpureus (L.) Sweet syn. Dolichos lablab L., Lablab niger medik commonly known as lablab or hyacinth bean is extremely diverse and remarkably adaptable with its various genotypes thriving in different areas and under diverse conditions including arid, semi-arid and humid regions (NAS, 1979; Duke et al., 1981) . It is an underutilized but a multipurpose crop used for food, forage, soil improvement, soil protection and weed control (Schaaffhausen, 1963; Grubben, 1977; Kay, 1979; NAS, 1979; Wood, 1983; Yamaguchi, 1983; Shivashankar et al., 1993) .
Crop and livestock production are major agricultural enterprises in Nigeria, contributing to household welfare and national economy (Kowal and Kassam, 1978; Ndubuisi et al., 1998) . However, in the Nigerian savanna, most soils are naturally of low fertility and the amount of organic nitrogen mineralized annually is often well below the requirement for high crop yields. Due to human population and economic pressures, fallow has been shortened or has entirely disappeared (Kowal and Kassam, 1978; Manyong et al., 1997) . This has resulted in continuous cropping or land-use intensification which, in turn, are causing serious soil degradation/erosion and fertility problems, decline in natural species diversity and crop yield, weed problems (Kowal and Kassam, 1978; Webster and Wilson, 1980; Ehui and Jabbar in Jagtap and Amissah-Arthur, 1999; Jabbar, 1995; Tian et al., 1995; Anon, 1997a) . In the humid forest of Nigeria, land use has also intensified. There are soil fertility problems and crop yields are low together with increased poverty. Farming systems are changing and fertilizer costs and scarcity make N fertilizer input inadequate. With changes in climate, herding is becoming a common farming activity with its attendant social-economic problems.
The introduction and use of forage legumes are considered an essential part of the process of intensification (Thomas and Sumberg, 1995) and can improve the influence of livestock on soil fertility when used as livestock feed (Tarawali et al., 2001) . In fact, Anon (1997b) believes that the most promising opportunity for integration of crop and livestock is improved animal feeding through dual purpose fallow-forage systems and use of crop residues. During the dry season, when the naturally available feed resources are of very poor quality, herbaceous legumes can also produce substantial quantities of better and nutritious fodder for livestock (Schaaffhausen, 1963; Makenbe et al., 1996; IITA, 1997) . Other reports have shown that the inclusion of herbaceous legumes in farming systems resulted in increased crop yield, reduced weed infestation and prevented soil degradation (Rattray and Ellis, 1953; Vine, 1953; Tian et al., 1995) . Herbaceous legumes have also improved soil physical and chemical properties (Vine, 1953; Lal et al., 1978) , and can contribute to the control of Striga hermonthica (IITA, 1997) . Central to crop and livestock production, therefore, is the inclusion of herbaceous legumes in the farming systems of the savanna and rainforest agroecologies.
In 2000 and beyond, both the International Institute of Tropical Agriculture (IITA) and International Livestock Research Institute (ILRI) showed interest in the evaluation of lablab in the northern Guinea savanna of Nigeria for its potential contribution to crop-livestock production systems (Ewansiha et al., 2007a,b; . Specific activities involved in the lablab research included evaluation of lablab in Samaru in the Nigerian northern Guinea savanna for morpho-phenological variation, potential for crop and livestock production, maize production and drought tolerance. Other experiments involving lablab have also been conducted. In Kano, in the Nigerian Sudan savanna, Ewansiha and Singh (2006) evaluated lablab together with other grain legumes and cereals for drought tolerance. , evaluated lablab for its effects on soil properties and subsequent maizecowpea intercrop in Samaru. The performance of dual-purpose lablab and cowpea was evaluated under maize in Samaru (Ewansiha et al., 2016a) .
In Benin City, in the rainforest agro-ecology, experiment was conducted to evaluate lablab together with other herbaceous legumes for their potential use in green-manuring (Ogedegbe et al., 2016) . During the period of evaluation in Samaru and elsewhere, it was observed that lablab suffered from a complex of pests and diseases (Ewansiha et al., 2016b) . Despite control using insecticides and fungicides, it was necessary to determine the type of pests associated with lablab. While the results of these various researches have been reported (Ewansiha and Singh, 2006; Ewansiha et al., 2007a,b; Ewansiha et al., 2008; Ewansiha et al., 2016a,b; Ogedegbe et al., 2016) , this paper highlights the outcomes of these various researches in terms of production niches for lablab, lablab providing grain and pod for food, lablab as a resource for crop production and for soil protection, and lablab as fodder for livestock production as well as the pests/diseases that affect it.
Production Niches for Lablab
Forty-six lablab accessions were evaluated and classified (Ewansiha et al., 2007b ; Table 1 ). Of these accessions, six maturity groups were identified: very early (av. 47 days to 50% flowering), early (av. 54 days), intermediate (av. 72 days), late (av. 98 days), very late (av. 123 days) and extremely late (av. 144 days). The very early, early and intermediate accessions seem suitable for dry savanna with low rainfall or short growing season and the late growing season of the humid forest. These accessions can be grown either as sole crops or in intercrops with cereals. The late, very late and extremely late accessions appear suitable for moist savanna and humid forest with longer growing seasons. These accessions had faster growth and quick soil cover and can therefore provide protection for soils and suppress weeds as well. 
Lablab as a Quality Food Crop
Of the forty six lablab accessions evaluated, fifteen accessions were suitable for vegetable pods, 11 accessions were suitable for grain-type lablab and three accessions were suitable for food-feed use (Ewansiha et al., 2007b;  Table 2 ). With the very early to intermediate accessions, lablab could provide sufficient grain early in the season when food stores would be getting depleted. Grain yield obtained (600-2400 kg ha -1 ) was comparable with yields obtained with other grain legumes (Ewansiha et al., 2007a ; Table 3 ). The lablab grain had an average protein concentration of 25.3% which was comparable with protein contents reported for the dry seeds of the common grain legumes (Table 3) , indicating the potential for lablab to contribute to high quality grain nutrition. It also reveals the potential of lablab to fix and supply N since no N fertilizer was applied. As a grain crop, lablab tolerance to drought ensures that food is available even when rains are erratic and when moisture is limiting. Six accessions were identified to be drought tolerant , making it possible to develop drought tolerant varieties through breeding and selection. When various herbaceous legumes and cereals were screened for drought tolerance, the most drought tolerant group comprised of lablab (Ewansiha and Singh, 2006) . Lablab is drought tolerant because it has a deep taproot system which can penetrate to more than 2 m below the soil surface thus enabling it to sustain growth on residual soil moisture (NAS, 1979; Kay, 1979; Duke et al., 1981) . 
Lablab as a Resource for Crop Production
Lablab has a potential for up to an average of 2600 kg ha -1 of biomass and an average of 64.1 kg of nitrogen ha -1 (Ewansiha et al., 2007a; Table 4 ). This means that lablab has high potential for green manure and soil improvement. Moreso, when the biomass is removed as forage to feed livestock, the soil fertility contribution is balanced with the return of the manure and the contribution of the lablab plant roots. With the huge litter of leaves and stems at the end of the growing season which extends into the dry season, high amount of quality crop residue for conservation agriculture is implicated (Fig. 1) . In one trial, performance of maize grown following two years of lablab cultivation and incorporation of its plant residues shows that it can support high yield of maize (Ewansiha et al., 2008;  Table 5 ). Lablab fallow supported similar yields of maize across lablab maturity groups from very early to extremely late. Yields of maize for lablab plots were on the average 72.7% higher than for the natural fallow plots. In another trial, yield of maizecowpea intercrop following one year of lablab fallow and subsequent incorporation of plant residues indicates the ability of lablab to support cereal-legume production systems ; Table 6 ). Lablab and natural fallows compared well for grain yield and seed weight. Lablab fallow, however, favoured higher fodder yield in maize because it improved the supply of soil organic matter, nitrogen, phosphorus and potassium  Table 7 ). Lablab was able to contribute to the observed improvement in soil fertility because it is a nitrogen-fixing crop with remarkable ability to nodulate even without inoculation (NAS, 1979; Duke et al., 1981) . 
Lablab as Resource for Livestock Production
Sixteen accessions were of good and high quality forage (Ewansiha et al., 2007a ; Table 8 ). These accessions have potential to improve crop and generate residue, which promises to be the dominant feed resource as crop-livestock integration becomes more developed (Smith et al., 1997) . Moreover, the various trials recorded huge litter of lablab, lablab biomass and maize stover which provides opportunity for crop and livestock production through sharing of crop residues. Figure  1 show huge litter of lablab leaves and stems at the end of production period which extends far into the dry season. This means that quality fodder can be available for livestock at a time when fodder becomes scarce, natural grasses become less nutritive and animals lose weight. With a dense growth, the lower leaves are shed, which is a potential crop residue for livestock during growing season. Intercrop of lablab and maize gave good grain and fodder yields of lablab relative to that of cowpea (Ewansiha et al. 2016a , Table 9 ). Several other experiments have shown the importance of lablab. The vines when cut with sorghum (Sorghum bicolor (L.) Moench) straw gave a mixed fodder of high nutritive values (Shivashankar and Kulkarni, 1989) . Selvan et al. (1993) found sorghum-lablab intercrop to be superior in grain yield to sorghumsoyabean intercrop. In Zimbabwe, diets based on maize (Zea mays L.) stover and lablab could provide adequate nutrients to maintain goat productivity during the cropping season (Makenbe et al., 1996) .
Lablab as a Resource for Soil Protection
Evaluation of the performance of six herbaceous legumes in the humid forest region showed that lablab was among the legumes that had the highest soil cover (Ogedegbe et al., 2016;  Table 10 ). Fresh biomass was highest in Mucuna pruriens followed by lablab. This was achieved in eight weeks implying that both legumes can provide soil protection, biomass for green manure or fodder for livestock early in the growing season. Ewansiha et al. (2008) reported that lablab can be a candidate crop for soil protection, green manure and fodder because it has quick growth combined with high biomass production. 
Constraints of Field Pests in Lablab Production
A complex of field pests and diseases were observed on lablab. Insect pests and diseases affected the lablab plants right from the planted seeds through the emerging seedlings and vegetative stage to podding. Young millipedes attacked planted seeds and seedlings. The pests and diseases identified included foliage insects, podsucking insects, pod-eating larvae, aphids, fungus and parasitic weed (Ewansiha et al., 2016b ; Table  11 ). Severe damage to pods was caused by the podeating and pod-sucking insects that caused pod filling to fail after attack (Ewansiha et al., 2016b) . The pest complex observed on lablab was however, similar to that associated with cowpea. Therefore, as with cowpea, lablab can be successfully grown with adequate use of pesticides.
CONCLUSION
Lablab, though an underutilized crop, has the potential to serve as a grain, fodder and resource crop in northern and southern Nigeria. Pests can, however, constitute a setback to its production.
INTRODUCTION
Sweet Potato (SWP) commonly referred to as yam in some parts of the United States of America is a large, starchy, sweet tasting, tuberous root, cash and food crop. It is a versatile, drought resistant, high yielding crop with a short maturity period of three to five months adapting well to wide ecological conditions (Laurie et al. 2012) . It is widely cultivated in a number of developing countries, where it serves as a principal source of food and income for many of the world's poorest and most nutritionally insecure peoples. It is one of the major staple crops and the most important food security promoting root crop in the world, especially in sub-Saharan Africa (Low et al. 2009 ). In Nigeria, SWP is a food crop that is increasingly being recognized as having an important role to play in improving household and national food security, health and livelihoods of poor farming households. In Kwara State, it plays a particularly important role in cultural traditions, where the crops harvest season is celebrated (Agbo and Ene, 1999) . As a result of its versatility and adaptability, SWP is currently ranked as the seventh most important crop in the world with a total production of 103 million tonnes in 2013 (FAO, 2015) . It is produced largely in Asia (accounting for up to 76.1% of world production in 2013, followed by the African continent (19.5%). According to FAO (2015) , five countries were the highest producers of SWP in 2014 including China, Nigeria, Uganda, Indonesia and the United Republic of Tanzania. In the same year, Nigeria's harvest estimate stood at 3.5 million metric tons which was about 3.3% of total world production (FAO, 2015) .
Agricultural production in Nigeria is rainfed and this makes the production of most crops including SWP to be seasonal. The country goes through the cycle of increased supply and limited demand at harvest (resulting into losses) followed by complete lack of the same commodities when out of season. SWP is a bulky, perishable commodity with a high weight-to-value ratio. This limits the distance over which SWP can be economically transported. According to Abidin (2004) , bulkiness and perishability affect postharvest system of sweet potatoes as it has a shelflife of about one week after harvesting, hence, it Determinants of Sweet Potato Value Addition among Smallholder Farming Households in Kwara State, Nigeria 18 becomes imperative to process sweet potato into storable products (Ndunguru, 2003) . There is new emphasis by most organizations as well as governments to focus on the whole value chain from production to markets. Also, recent studies and research points to the need to add value to agricultural produce as it is observed that farmers could maximize on their benefits in the process (Pravakar et al., 2010) . For instance, the research carried out by International Potato Center on SWP productivity in developing countries revealed that value addition is an important postharvest need. Also, Pravakar et al. (2010) suggested that value addition to agricultural products is a means of attaining commercialization, increase farm income and hence, reduce rural poverty and food insecurity.
Despite the documented evidence in support of the need for value addition, not much has been done in the country to enjoy maximum benefit from the crop. Ndunguru, (2003), noted that SWP are mainly boiled or roasted and very little attempt has been done to make flour or crips. Bergh et al. (2012) , opined that in Benue, Nasarawa and Kwara States, SWP was mainly peeled and boiled, roasted, fried into chips or peeled sundried and milled into flour and that the majority of the farmers had not embraced value addition. There is little commercial processing into chips or flour, which could be stored for year round consumption for use in ugali, bread and cakes, or processing into fermented and dried products like fufu.
Value addition is a process of changing or transforming a product from its original state to a more valuable state through creating value, innovation or industrial innovation at an advanced stage (Mmasa, 2013) . Sweet potato value addition has to do with deliberate activity to change the form of the raw SWP into a more refined or usable form thereby increasing its value. SWP can be processed and utilized in various ways for both household and market purposes. Some of the processed products can be preserved for future use either alone or as additives to other foods. Nxumalo (1998) and Nungo (2004) submitted that the roots can be processed into dry chips and used in that form or milled into flour. The flour can be used in enriching other different products such as weaning foods or used in combination with wheat flour to make other high value products such as cakes, biscuits, porridge, chinchin and other food products. It can be processed into SWP juices, beverages, soups, baby food, ice cream and various snack and desert items for human consumption (Ray and Tomlins, 2010) . Egeonu (2004) opined that SWP could be made into a number of products including sparri (SWP garri), flour, crisps, canned sweet potato, starch and sweet potato beer.
However, getting SWP processed into various forms mentioned above require appropriate and efficient postharvest technology which may be out of reach of smallholder farmers because majority of them are poor. For farmers to take up post-harvest value addition of their products, certain measures must be in place. Orinda (2013) found that farmers in Kenya were involved in grading and packaging, slicing and sun-drying, grinding the sweet potatoes into flour, baking, preparing additives and juice and jam. Also, their involvement in SWP value addition is influenced by household size, total quantity produced, credit access, land size of the respondents, distance to the market and group membership. The study by Sebatta et al. (2015) showed that the quantity harvested by farmers influenced their decision to add value to ware potato while access to extension services significantly and positively influenced value addition to seed potato. In Nigeria, researchers: Bergh et al. (2012) and Omoare et al. (2015) studied the various SWP value adding techniques farmers were involved in. To the best of researchers' knowledge, little or nothing is known about the determinants of SWP value addition in the country, which is the research gap this study attempted to fill.
MATERIALS AND METHODS
The study was conducted in Kwara state in the North Central geopolitical zone of Nigeria. The state is made up of 16 Local Government Areas (LGAs A Multi stage sampling techniques was employed to collect primary data for the study. At the first stage, Offa and Oyun LGAs were purposively selected. The two LGAs were selected because they were the major SWP producing areas in Kwara state accounting for about 70% of SWP output in the state in 2010 (Kwara State Ministry of Agriculture and Natural Resources, 2010). The second stage involved the random selection of five political wards from each of the selected LGAs to give a total of 10wards. The third stage was a random selection of 6 farming communities from each of the selected wards, making 60 farming communities. The list of the farmers whose main farming activity is SWP was compiled by the enumerators with the help of the community heads. The fourth and final stage was the random selection of representative SWP farming households, using DOI: http://dx.doi.org/10.4314/as.v15i1.4 probability proportionate to size of each of the 60 communities selected. In all, 200 farming households were selected and the household heads were interviewed. However, only 163 households had complete information that was used for the analysis.
The data collected were analysed using descriptive statistics and Heckman (1979) two stage selection models. The model was used to analyse the determinants of SWP value addition among the respondents. The model was found appropriate because it allows for different factors to influence the value addition decision and level of addition. Farmers' decision is driven by the need to optimize the utility associated with the act. Based on farmers' perceived utility they will likely derive from the practice, a choice is then made, whether to add or not to add value to their produce (adoption). Since decision to add value may not be universal, then, farmers' decision that leads to a particular choice can be modeled in a logical order with the first being decision to add value, while the second is a decision on the level of the value addition (extent of value addition). The probability of SWP value addition decision was estimated by means of a Probit maximum likelihood function on both value adders and non-value adders. The model is appropriate because the decision to add value is discreet and it is specified as:
where is an identifier variable equal to 1 for farmers that add value, Xs are a set of explanatory variables, s are a set of coefficients of the explanatory variables and (. ) is the standard normal distribution function. When the utility that farming households j derive from adding value to SWP is greater than 0, = 1 and 0 otherwise.
where * is the latent measure of utility the household gets from value addition and ~N (0,1) which then follows that:
Empirically, the model can be stated as follows:
where Y is the probability of farmer adding value given the explanatory variable and is the error term.
The Inverse Mills Ratio (IMR), lambda (ƛ) which is the ratio of the ordinate of a standard normal to the tail area of the distribution was computed. It was then added as a regressor in the level of SWP value addition in the second stage of Heckman selection model to correct for potential selection bias. It was expected that the level of value addition is self-selected because only few respondents were involved in value addition. Hence, the decision of the level of value addition is preceded by the decision to add value. In view of this, there arises an empirical problem of selfselection. In other to solve this problem, the decision to add value is treated endogenously in this study to control for the potential sample selection problem. Therefore, the determinants of the decision to add value were estimated first. Thereafter, the IMR from the selected equation was used as an explanatory variable in the equation for analysing the determinants of the level of value addition following (Orinda, 2013) . This is specified as:
is the level of value addition which is measured by the proportion of value added SWP of the total quantity harvested, represent the explanatory factors influencing the level of value addition and are the coefficients to be estimated, ƛ is the estimated IMR. So, can be represented as:
where * is observed only if the respondent is adding value to SWP roots ( =1), hence, = * Empirically, this is stated as:
the level of value addition given the explanatory variables is , ƛ is the IMR estimated in step 1 of the Heckman model and is the error term. If ƛ is not statistically significant, then sample selection bias is not a problem (Heckman 1979; 1980) . Equations (3) and (7) 
RESULTS AND DISCUSSION
Respondents' Socio-Economic Characteristics
The results of the descriptive analysis as presented in Table 1 showed that the mean age of the SWP farmers stood at 48.76 years. This showed that the respondents were relatively old. This can be attributed to the rural-urban drift that is prevalent among Nigeria size of 1.84 acres, were males (74.23%) with low level of education. Given the aforementioned attributes, one can conclude that SWP production was still at a small scale level and the production is dominated by males coupled with high rate of illiteracy, which may make adoption of SWP value addition by farmers very difficult. About 59% of the respondents belong to at least one association or the other. Membership of association will not only enhance production but also aids farmers' involvement in value addition activities. Kwara State Ministry of Agriculture and natural Resources (2010) obtained similar results. 
Sweet Potato Value Addition Techniques Practiced by the Smallholder Sweet Potato Farmers
The results presented in Table 2 show that SWP farmers in the study area engaged in just three of the available numerous different value addition techniques. The majority of the farmers (44.1%) engaged in slicing and sun drying. The result however concurs with the submission of Bergh et al. (2012) about SWP value addition techniques in the north central geo-political zone. About 39% of the respondents were engaged in slicing, drying and milling into flour, while only about 15% of them were involved in SWP chips production. The first two value addition techniques were the lower level of value addition and were the most popular since they require few and cheap inputs. SWP chips are a common product in the area, but the low involvement of farmers in the technique implies that there are other actors in the value chain that are into the activity. Just about 2% of the respondents were involved in mixing of SWP flour with other flour to produce chinchin and other local food. Odebode et al. (2008) found that SWP chips and chinchin were acceptable to consumers due to their palatability.
Determinants of Sweet Potato Value Addition Decision and Level of Addition
The Heckman two-step procedure was used to analyse the determinants of sweet potato value addition and level of value addition. As stated in the methodology, the two equations were estimated simultaneously. Post estimation of selection equation results was done to determine marginal effects of changes in explanatory variables on the expected value of the dependent variables. This is because the coefficients generated are just values that maximize the likelihood function and have no exact interpretation unlike marginal effects. With marginal effects, interpretation of results as well as policy recommendation becomes easier. The results of the analysis are presented in Table 3 . As shown in the Table, the likelihood function of the two-step model was significant at 1% showing a strong explanatory power. The coefficient of the mills lamda was significant also at 1% level showing evidence of the presence of self-selection upon which the choice of Heckman two step models is justified.
As shown in Table 3 , access to credit, training and quantity of SWP harvested significantly influenced the probability of the likelihood of adding value to SWP. However, training and quantity of SWP harvested are continuous variables that explain decision to add value significantly to give meaningful explanation of marginal effects after probit. The results show that a unit increase in hours of training will increase farmers' value addition decision by 0.494 units. This may be due DOI: http://dx.doi.org/10.4314/as.v15i1.4 to the fact that farmers who attended entrepreneurial training on agro value chain through seminars and workshops were more exposed on importance of value addition. The results concur with Orinda (2013), who reported a direct association between training and farmers' decision to add value to SWP. Also, the results of the analysis show that a unit increase in quantity of SWP harvested will increase farmers' value addition decision by 0.003 units. This is because, all other things been equal, the more a farmer produces, the more the surplus for value addition. Sebatta et al. (2015) obtained similar result for smallholder potato farmers in the highlands of Uganda. Furthermore, membership of association, extension visit and access to credit directly determine the level of SWP value addition. This implies that, ceteris paribus, the likelihood of SWP level of addition will increase by 1.301 units for respondents who are members of at least an association. The membership of association has been found to enhance the interaction and exchange of ideas, hence its influence on farmers SWP value addition. The result is in line with earlier submissions by (Awotide et al., 2013; Orinda, 2013) . On extension visit, the implication is that smallholder farmers who had access to extension agents will increase their SWP level of addition by 0.821 unit, all other things been equal. This is perhaps because, the extension agents were involved in training the farmers on modern farming techniques and agro value chain activities given the low level of education among the respondents. Shebatta et al. (2015) obtained similar results. Also, the level of value addition to SWP will increase by 15.350 units with increase in access to credit. This is understandable because, access to credit makes it possible for farmers to purchase value addition inputs and this aided them in the quantity of SWP that they added value to. The result is in support of earlier evidence reported by (Awotide et al. 2013; Orinda, 2013) .
Not surprisingly, the coefficient of household size and level of SWP value addition were inversely correlated. This implies that a unit increase in the household size would lead to a decrease in the likelihood of SWP level of value addition by 2.174 units. The reason for this may not be far-fetched. A large household signifies a higher consumption leaving little or no SWP to process for future use.
CONCLUSION
This study used cross-sectional data collected from smallholder SWP farmers in Kwara State to analyse the determinants of SWP value addition.
The results indicate that the respondents were involved mainly in only three SWP value addition techniques which are: slicing and sun-drying, slicing, sun-drying and grinding into powder and frying into chips. The results of the econometric analysis showed that different factors influenced value addition decision and level of value addition.
Determinants of Sweet Potato Value Addition among Smallholder Farming Households in Kwara State, Nigeria 22
While credit access, training and quantity of sweet potato harvested were strong enough to influence probability of value addition decision, membership of association, extension agent's visit, credit access and household size were the determinants of the likelihood of the level of value addition. The strategies to enhance both value addition decision and level of value addition of SWP among farmers in Kwara state and Nigeria as a whole needs to concentrate efforts on: improving smallholder farmers' access to credit and extension agents; improving entrepreneurial training of farmers on agro value chain techniques; strengthening of farmers organization; support for the farmers to enhance productivity; and sensitizing the farmers on the importance of birth control measures. 
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INTRODUCTION
Cowpea (Vigna unguiculata [L.] Walp) is an important grain and fodder legume in Nigeria where its tolerance to moisture stress, heat and low soil fertility makes it suitable for cultivation in the savanna agro-ecological zone (IITA, 2009 ). Animals such as cattle, sheep and goats are mainly reared in this zone which uses cowpea fodder and haulms as feed. However, the environment is changing due to climate change (increase in heat and drought) and desert encroachment in the savanna and change in rainfall patterns in the rainforest with erratic and lesser rainfalls accompanied by gradual change in vegetation (Odjugo 2010; Idowu et al., 2011) . Growing period is shortening in the savanna due to climate change. Available arable land in northern Nigeria is getting smaller due to desertification.
Meanwhile, the late cropping season in the rainforest has potential for cowpea production. Climate change and desertification is presenting even a unique opportunity to grow cowpea in this zone. A consequence of climate change is a shift in animals and crops that can be grown in zones of traditional production. For example, in recent times the rainforest of Nigeria has experienced heightened herding activities with its attendant social/cross cultural challenges. Presently, hardly can one find a village in Edo state, for example, without Fulani nomads and their animals.
Even though cowpea is a major staple food for the people in south-south Nigeria, the price is very high because of cost of transportation from the northern to southern parts of the country. Price of the commodity could become cheaper if cowpea is grown in the region. In the region, there has also been a dearth of information on cowpea research and this has become very important in the face of the emerging challenges of climate change. Moreso, a fall in cowpea production in Nigeria will result in serious food security crisis in the whole of West and Central Africa because Nigeria does not only harbour all the agro-ecological zones; it is also the largest producer and consumer of cowpea in the region (IITA, 2009). As it happens to Nigeria so it happens to West and Central Africa. One way to avert this is for the breeder to breed for shorter duration cowpea for the savanna or for the agronomist to adapt cowpea varieties to the rainforest or both. Fortunately, there are many available genotypes of cowpea with diverse growth habits bred by the International Institute of Tropical Agriculture (IITA) (IITA, 2009). Some of these genotypes may have potential to grow and produce good grain and fodder yields in the rainforest of Nigeria. Cowpea adapted and grown in the rainforest will provide feed for the cattle; sheep and goat now found in the region as well as provide food for humans and improve the declining soil fertility of the rainforest occasioned by continuous cropping through crop residue generation and decomposition. Therefore, the objective of this study was to evaluate some varieties of cowpea for grain and biomass production potential in the rainforest as a way to mitigate the emerging threat of climate change on food security.
MATERIALS AND METHODS
Experimental Site
The experiment was conducted in the late cropping seasons (late August -December) of 2013 and 2014, at the Teaching and Research Farm of the Faculty of Agriculture, University of Benin, Benin City (06 o 20 'E, 5 o 39'E; 78 m asl) in the Rainforest of South-south Nigeria. The soils are underlain by sands, clayey sands and discontinuous clay sequences of Benin Formation of the Niger Delta Basin classified as ultisols (Olatunji et al., 2014 , Umweni et al., 2014 . Rainfall is of high intensity and bimodal, beginning in March/April and ending in October/November with a dry little spell in August usually referred to as "August Break". About 2025 mm of precipitation falls annually in Benin City with an average annual temperature of 26.1 °C (Climate-Data.org, 2016). The zone has a total growing period of 211 to 270 days (Ogeh and Ukodo, 2012) . The period from the commencement of rain to the time of "August Break" is regarded as early cropping/growing season whereas the period from the break in August to the end of rains is regarded as the late cropping/growing season. The late cropping season was chosen for the experiment because it appears to be the most suitable for cowpea production in the Rainforest zone since it contains the months that present growing environments similar to those present in the savanna zones where cowpea is mainly grown. The rainfall and temperature during the years of trial together with the long-term rainfall and temperature are given in Table 1 . Soil properties of the experimental site prior to start of the experiment are presented in Table 2 .
Plant Materials and Experimental Layout
Ninety-four cowpea varieties obtained from the International Institute of Tropical Agriculture, Kano were evaluated in the study. The experiment was non-replicated having plot size of 3 m x 2 m with 0.75 m between plots. Plant spacing was 0.75 m between rows and 0.20 m within rows and there were four rows per plot.
Cultural Practices
The field was cleared of vegetation manually, using cutlass. On 02 September 2013 and 01 September 2014, seeds of cowpea were sown at the rate of three seeds per hole at a depth of 5 cm and later thinned to two plants per hill at two weeks after sowing. Neither organic nor inorganic fertilizers were applied as the soil was deemed relatively fertile. Plants were sprayed against insect pests at the beginning of flowering using Uppercott (30 g cybermethrin/230 g dimethoate per litre) at the rate of one litre per hectare. This was repeated at 10 days interval until when it was two weeks to harvesting. Spraying with fungicide (Z-force mancozeb 80% wp. Family: ethylene bidithiocarbamate EBDC manufactured by Jubali Sino agro chemical industry LTD, China) was done at 10 weeks after sowing to control fungal disease. Weeding was carried out using a hand hoe at two weeks after sowing and just before flowering to keep the plots weed-free.
Data Collection
The time of 95% pod maturity (i.e., when 95% of the pods in a plot had turned brown) was recorded. Number of branches and number of peduncles in a net plot (the two central rows) of a plot were determined and calculated as no. m -2 . Mature pods in a net plot were harvested, counted and threshed; pod counts from the net plot were calculated as no. m -2 while the seeds were weighed and seed weights calculated as kg ha -1 with adjusted moisture at 15%. Above ground biomass (leaf and stem) was assessed at harvesting. Plants within the net plot were cut at 10 cm above the ground and oven dried at 65 o C until constant weight was achieved. Weights of biomass were calculated as kg ha -1 .
Data Presentation and Analysis
Mean of the two-year data collected was subjected to correlation analysis, using the PRINCORR procedure of SAS programme (SAS, 2011) . This was done to explore the relationship among the attributes. Two criteria were used to select promising varieties: high grain yield and high biomass based on the objectives of the study. To achieve this, frequency distributions were constructed for grain yield and biomass. Good biomass would help to identify varieties that may contribute to cowpea residue for soil improvement or livestock production while good grain yield would bring to light those varieties good for grain production; those suitable for dual purpose would also be identified. Frequency distributions were done by dividing the range for each variable by seven, which was the chosen number of class intervals using the empirical relationship suggested by Sturges (1926) as a guide and as stated below: K = 1 + 3.3log10n; where k is number of classes and n is total number of observations.
RESULTS AND DISCUSSION
Growing Conditions
Mean rainfall during the experimental period (September -December) was 542 mm with a mean temperature of 27 o C (Table 1) . Soil samples collected before establishing the trial had a pH (H2O (1: 1) of 4.5, organic carbon content of 9.3 g kg -1 , total nitrogen (Kjeldahl) of 1.07 g kg -1 , Olsen phosphorus (P) content of 19.64 ug g -1 and potassium content of 10.0 mmol (+) kg -1 soil -1 (Table 2) . These conditions provided an adequate environment for the cowpea crop to germinate, emerge, establish, grow and produce good yield. However, as with cowpea elsewhere, insect pests were serious problems. But more damaging without apparent control measure was the Quelea (Quelea quelea) birds that fed on the immature pods. However, the damage occurred most along border plots. Such damaged plots where excluded from the analysis and study which reduced the number of tested varieties from 94 to 75.
Agronomic Performance
Time to maturity ranged from 61 to 99 days. Number of branches ranged from 1-33, number of peduncles from 25-222 and number of pods from 29-150 m -2 , respectively. Biomass and grain yield ranged from 875.8-4356.0 and 475.4-2023.0 kg ha -1 , respectively. Cowpea may be grouped into early (55-69 days), medium (70-85 days) and late (above 85 days) maturing varieties (Singh et al., 1997) . Based on this, four varieties were early maturing, 68 medium maturing and three late maturing. According to Kamara et al. (2011) , most early maturing, medium maturing and late maturing cowpea varieties have determinate, semi-determinate and indeterminate growth habits, respectively. While determinate cowpea varieties are grain-type cowpea, dualpurpose cowpea is either semi-determinate or indeterminate. In the context of providing fodder or generating crop residues, cowpea biomass can be a rich source of protein for animals or soil enrichment (IITA, 2009) . Thus, cultivation of dual-purpose cowpea can be an attractive option for many farmers who would need to improve their impoverished soils occasioned by continuous cropping. With increasing number of herds migrating from the north to the south, cowpea fodder will help drive productivity and sustainability.
Relationship among Traits
Correlations between traits of the cowpea varieties studied are summarized in Table 3 . Days to maturity was positively and significantly associated with biomass yield (r = 0.327, P = 0.0013) whereas it was negatively and significantly associated with grain yield (r = -0.238, P = 0.0211). This is why the medium and late maturing varieties had more biomass and less grain yields. There were significant and positive correlations between grain yield and biomass (r = 0.513, P < 0.0001); number of pods (r = 0.861, P < 0.0001); number of peduncles (r = 0.520, P < 0.0001) and number of branches (r = 0.475, P < 0.0001); between biomass and number of pods (r = 0.572, P < 0.0001); number of peduncles (r = 0.545, P < 0.0001) and number of branches (r = 0.524, P < 0.0001); between number of pods and number of peduncles (r = 0.614, P < 0.0001) and number of branches (r = 0.544, P < 0.001); and between number of peduncles and number of branches (r = 0.563, P < 0.001). These correlations indicate that grain yield depends on biomass, branch, and peduncle and pod production. Correlation between grain yield and yield components have been reported by several workers. Tamilselvam and Das (1994) studied correlation in cowpea and reported that seed yield per plant was positively correlated with number of branches and pods per plant. Kamara et al. (2011) reported that grain yield had a positive association with number of pods and fodder yield for determinate cowpea varieties and positive association with fodder yield for semi-determinate cowpea varieties. Manggoel and Uguru (2011) reported significant and positive relationship between grain yield and number of peduncles and number of pods. Ewansiha et al. (2015) reported marked and positive correlation between grain yield and number of branches, number of peduncles, number of pods and fodder yield in cowpea varieties. Based on these findings, breeding for higher number of branches, peduncles, pods or fodder yield will lead to higher yields. With more biomass, cowpea tends to become dual in purpose.
Selection of High Yielding and Dual-Purpose Varieties
Frequency distributions of biomass and grain yield are presented in Table 4 . Based on the classes, varietal values were scored for biomass and grain yield as shown in Tables 4  and 5 (1 = very poor; 7 = outstanding). Based on biomass, 20 varieties having high biomass were selected. These varieties scored well to outstanding performance for biomass. These can be used as fodder-type cowpea. This is very pertinent in the south-south environment where herding is becoming an increasing trend. Alternatively, the selected varieties with potential for biomass can be used as a resource for improving the soil in crop residue generation. This is very important in situations where continuous cropping has resulted in impoverished soils or where bush fallow has become too short to be able to replenish the soil. Based on grain yield, 37 varieties were selected because they had high grain yield. These varieties scored good to outstanding performance for grain yield and hence can be used as grain-type cowpea. For dual-purpose use, 13 varieties with high grain plus high biomass yields were identified. Figure 1 shows all the selected varieties for fodder, grain and dual-purpose use. These varieties are mostly medium maturing, meaning that they have enough time for biomass accumulation and short enough maturity to escape terminal drought. While such varieties have yield potential of at least 2 t ha -1 for grain and 2 t ha -1 for fodder (Singh et al., 2003) in the savanna, the present study recorded a mean of 1.4 t ha -1 grain yields and 2.8 t ha -1 biomass/fodder yields for the selected varieties. This matches with the rainfall and temperature data for both long-term and current data (Table 1) for September to December in Benin City. Thus, the application of these findings may help to mitigate the effect of climate change and desertification, ensure sustained food security especially when traditional crops may not be able to thrive in environments where they were once most adapted and grown.
CONCLUSION
Cowpea appears to have potential for use in the farming systems in the rainforest of south-south Nigeria where it can be grown for grain, fodder and soil improvement. A good number of the varieties were selected for their potential to contribute to high grain and fodder production while providing both grain and fodder. Further agronomic evaluations including planting date, plant population, insect pest infestation and diseases are warranted.
INTRODUCTION
Grasscutters (Thryonomys swinderianus) occur throughout West Africa, and are regarded as a major micro-livestock with potential for increasing animal protein intake particularly in low income countries (Edna et al., 2008; Adesope, 1996) . As hardy, hystricomorphic rodents, grasscutters possess high breeding potential (Henry, 2011) . Grasscutters display a seasonal breeding pattern, with breeding time affected mostly by prevailing weather conditions and location of the animal on the African continent (Fitzinger, 1997) . Females generally have two litters per year, with an average of four offspring per litter (Mills, 1997) . With an average gestation period of 137-172 days, female grasscutters have an oestrous cycle that last for over six days, and produce relatively well developed offspring with an average birth mass of 129 grams (Fitzinger, 1997) . Being robust animals, grasscutters become sexually mature at about a year old, measuring up to 60 cm (head and body) and weighing more than 9 kg (Fitzinger, 1997; Henry, 2011) . Free from religious and societal taboos, grasscutter meat, popularly called 'bush meat' is highly preferred by consumers in Nigeria to other meat products. This is due to its rich source of animal protein with high biological value. The meat also has a high dressing percentage, low fat content, and high mineral content and unique taste.
All these make grasscutter meat of higher quality than the meat of domestic animals like sheep or goats (Olomu et al., 2003; Opara, 2010b) .
Despite the high promise of good quality animal protein from grasscutters, the nutritional factor is however an important consideration in all livestock production, particularly as productivity of animals is often affected by feed type (Keunen et al., 2002) . Hence, feeding is regarded as the most essential factor affecting the production of captive animals like grasscutters. This is attributable to the myriads of challenges such as increased mortality, low productivity, low birth weight, and so on, arising from feeding low quality diets to these animals (Ansah et al., 2012) . Due to all season availability, the use of forages like Leucena, sugarcane, sweet potato vines and Moringa leaves have been proposed as one of the ways of addressing the nutritional constraints associated with low feed quality and improving productivity especially in micro-livestock. Of particular interest is the place of Moringa oleifera leaf meal in the diet of herbivorous microlivestock such as grasscutters which seem to have high preference for thick-stemmed grass species. Moringa oleifera is among the most effective forage additives for micro-livestock due to its relatively low cost, exceptional nutrient density and high nutrient absorption rates (Schrage and Yewadan, 1999; Moringa source, 2011) .
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The presence of flavonoids like quercetin and kaempferol in Moringa leaves confers it with strong antioxidant properties (Siddhuraju and Becker, 2003) . The use of supplements, along with the feeding of roughages has been found to improve performance in animals. In view of this, soybean has been reported to be the most widely used protein supplement in animal feeds (Agboola, 2000; Schwab, 1999) . As a vegetable protein, soybean is reputed for its high quality crude protein and amino acid composition, with low crude fibre value of 6% when compared to other vegetable protein feeds (Banaszkiewicz, 2000) . The aforementioned facts notwithstanding, there is a dearth of information on the growth performance of grasscutters under different dietary regimes. This study was therefore designed to investigate the growth performance of grasscutters fed Moringa oleifera leaf meal and/or soybean based diets.
MATERIALS AND METHODS
The study was carried out at the Grasscutter Research Unit of the Department of Animal Science, University of Nigeria, Nsukka. The experiment lasted for ten weeks with an initial 2 weeks acclimatization period. Three experimental diets were formulated to contain 15% Moringa oleifera leaf meal (MOLM), 15% soybean meal (SBM), and 10% Moringa oleifera leaf meal+ 10% soybean meal (10% MOLM+ 10% SBM) respectively. The percentage compositions of the diets are shown in Table 1 .
Grasscutters and Experimental Design
A total of 90 six-week old, large-sized grasscutters (having initial body weight of 832-843 g) procured from Demaco Farms, Enugu State, Nigeria were used for the study. They were randomly divided into three treatment groups of 30 grasscutters per group. The groups were randomly assigned to the 8.48 6.19 6.29 *Vit A -10,000.00 iu., D3-2,000 iu., B1-0.75g., B2-5g., Nicotinic acid -25g., Calcium pantothenate 12.5g., B12-0.015g., K3-2.5g., E-25g., Biotin -0.050g., Folic acid -1g., Manganese 64g., Choline chloride 250g., Cobalt-0.8g., Copper 8g., Manganese 64g., Iron -32G., Zn-40g., Iodine-0.8g., Flavomycin-100g., Spiramycin 5g., Dlmethionie-50g, Selenium 0.6g., Lysine 120g., three experimental diets containing 15% MOLM, 15% SBM, and 10% MOLM+ 10% SBM, respectively in a completely randomized design (CRD). The grasscutters were housed in concrete pens facing North-South direction to avoid excessive penetration of sunlight and consequent heat stress. The floors of the pens were cleaned daily, water and feed troughs were also washed daily, beddings were changed at 3 days interval to maintain optimum sanitation and health status.
Management of Experimental Animals and Data Collection
The grasscutter pens were washed and disinfected two weeks prior to the arrival of the animals. Medication was given to the grasscutters by a Veterinarian. Feed and water were offered ad libitum. The weight of the feed offered minus the weight of left over feed was recorded as the daily feed intake. The grasscutters were weighed at the beginning of the experiment to obtain their initial body weights, and subsequently on weekly basis to determine their growth performance. The animals were finally weighed at the end of the experiment to determine their final live weights. Feed conversion ratio was calculated from these data as quantity (gram) of feed consumed per unit (gram) weight gained over the same period.
Proximate Composition of Feed and Statistical Analysis of Data
Experimental diets were subjected to proximate analysis according to AOAC (2006) . The Moringa oleifera leaves which were purchased from a local market were dried under shade for 10 days and thereafter the leaves where threshed carefully to separate leaves from twigs before blending to obtain the leaf meal. The dried leaves were ground to powder using an electric blender. Soybean meal was procured from a commercial feed mill in Nsukka, Enugu, Nigeria. Data were analyzed using the One way analysis of variance (ANOVA) in a completely randomized design (CRD) with the statistical package for social science (SPSS) version 20.0 (SPSS, 2007) . Significantly different means were separated using Duncan's New Multiple Range Test option in SPSS (2007) .
RESULTS
Effect of M. oleifera Leaf Meal and/or Soybean Meal on Growth Performance of Grasscutters
The proximate compositions of the experimental diets are shown in Table 2 . Table 3 shows the growth performance of grass-cutters fed diets containing Moringa oleifera meal and/or soybean meal. There were significant differences (p < 0.05) among treatments in final and cumulative body weights. Grasscutters on treatment 3 (10% MOLM+10%SBM) had significantly higher (p < DOI: http://dx.doi.org/10.4314/as.v15i1.6 0.05) final and cumulative body weights than those on the other treatments. The final and cumulative body weights of grasscutters on treatment 2 (15% SBM) were also significantly higher (p < 0.05) than those of grasscutters fed treatment 1 (15% MOLM) whose final and cumulative body weights were significantly (p < 0.05) lower than those on the other treatments. The daily weight gain of grasscutters on treatment 1 was significantly lower (p < 0.05) than those on the other treatments, with treatment 2 having the highest daily weight gain. Although, grasscutters on treatment 1 had the least feed intake, it was not significantly (p > 0.05) different from the feed intake of grasscutters fed treatment 3. The feed intake of grasscutters on treatment 2 was higher (p < 0.05) than that of those on the other treatments. The feed conversion ratio values differed significantly (p < 0.05) across the various treatments with grasscutters on treatment 1 having the least FCR value, while grasscutters on treatment 2 had the highest FCR value. Table 3 , feed intake was lowest among grass-cutters fed 15% Moringa oleifera leaf meal (MOLM). Obi et al. (2008) reported that crude fibre content of a diet usually affect feed consumption, invariably, the higher the crude fibre of the feed, the lower the feed consumed. From the data for the proximate analysis of the experimental diets (Table 2) , treatment 1 diet had the highest crude fibre content and this probably may have impacted on the feed intake of grasscutters on that diet. According to Kung and Grueling (2000) , high dietary fibre resulted in the limitation of the amount of energy available to poultry birds with consequent increase in the amount of nutrients excreted. Lee et al. (2003) reported that inclusion of fibre in the diets of monogastrics like poultry species has been discouraged owing to the negative effect it has on performance and nutrient utilization. It is also probable that the feed intake of grasscutters on treatment 1 may have been affected by the characteristic odour of MOLM. Makkar and Becker (1997) reported that moringa leaves had antinutritive factors like saponins which are responsible for its characteristics odour. Saponins are bitter and so reduce palatability of livestock feeds and this may be responsible for the decrease in feed intake noticed in grasscutters fed 15% MOLM. Although grasscutters on 15% MOLM had better feed conversion ratio (FCR) values than those on the other treatment, this did not translate into higher final and cumulative body weights and also average daily weight gain (ADWG). This result corroborates that of Adu et al. (2010) , who observed a significant reduction in live weight among grasscutters fed Panicum maximum plus Moringa oleifera leaf meal, compared to those on Panicum maximum plus sweet potato vine based diet. The authors attributed this to the findings of Schrage and Yewadan (1999) which showed that grasscutters tend to prefer the more succulent portions of forages which the Panicum maximum plus Moringa oleifera leaf based diets could probably not afford them. It is well known that feed intake is a major factor influencing weight gain. Thus, reduction in weight gain observed among grass-cutters that consumed 15% MOLM diets may be attributed to depressed feed intake and lower efficiency of feed utilization (Ani and Okeke, 2011) . In some earlier reports (Ani and Okorie, 2004; Ani, 2007; Ani and Okorie, 2007) , it was observed that growth depression was directly linked to reduced feed intake. As the average daily feed intake (ADFI) per grasscutter decreased, the grasscutters receiving these diets did not have sufficient dietary nutrients, hence, the resultant depressed growth. Consequently, the metabolic and production requirements of these grasscutters could not be met with the decline in feed intake.
DISCUSSION
As shown in
Several studies (Wang et al., 2000; Douglas, 1999; Mankind et al., 1996) have confirmed that daily gain in body weight and feed conversion are lower in animals fed diets containing trypsininhibitor, and lectin, which is anti-nutritive factors present in soybean, the reverse was however, the case in this study. It was observed that although grasscutters on treatment 2 (15% SBM) had the highest average daily weight gain, (ADWG), their average daily feed intake (ADFI) and feed conversion ratio (FCR) values were the highest compared to those on the other treatments. The better weight gain recorded in treatment 2 over treatment1 and treatment 3 may be attributed to the increased feed intake which could be due to low fibre content of the diet. This result is in line with the findings of Fayenuwo et al., (2003) who reported that grasscutter prefer feeds that are succulent and sweet and low in fiber contents. More so, it has been reported that feed intake is a major factor affecting weight gain, thus, growth depression is often directly linked to reduced feed intake. Notwithstanding, Esonu et al. (2010) reported that inclusion of 30% soybean hull (with/without safzyme® supplementation) in the diet of laying birds increased the feed intake of birds, attributing it to the high fibre content of soybean hulls which tend to increase the total fibre content of the diet and dilute other nutrients. Means on the same row with different superscripts are significantly different (p < 0.05). T1 -15% MOLM; T2 -15% SBM; T3 -10% MOLM+10% SBM; ADWG-Average daily weight gain; ADFI-Average daily feed intake; FCR-Feed conversion ratio.
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However, the high FCR value of these grasscutters may be probably due to the presence of anti-nutritional factors like trypsin-inhibitor and lectin present in the soybean which according to Chunmei (2010 ), Herkerman et al. (1992 and Schulze et al. (1993a) affects the nutritional value, utilization and digestibility of soybean. This may be the reason for increased feed intake among grasscutters on treatment 2 translating into higher gain weight, though not so much different from that of grasscutters on treatment 3.
INTRODUCTION
Soya bean (Glycin max) is an oil seed legume that is rich in protein and used for both human and animal feeding and for industrial purposes. It is the major source of protein for non-ruminant feeding, constituting about 20 -30% level of inclusion in poultry ration . The over dependence on soya bean as major protein source for monogastric animal feeding and for human and industrial purposes has increased its scarcity and consequently leading to high cost of production. In the light of the above, it has become necessary to investigate into some leguminous seeds that are rich in protein, available and affordable that can replace soya bean either partially or wholly as a protein source. Mucuna sloanei is one legume that has such a potential. Mucuna sloanei seeds are used in South Eastern part of Nigeria as condiment and for thickening of soup. It yields about 0.8-2 tonnes of seeds per hectare with crude protein of about 28% . reported 23.92% crude protein, 3.18% crude fibre, 6.57% ether extract, 1.96% ash and 55.19% carbohydrate for Mucuna sloanei. reported that 48-h fermented Mucuna sloanei contains 32.82% crude protein, 8.6% crude fat, 1.0% crude fibre, 1.0% ash and 51.59% carbohydrate. Whereas reported a crude protein of 28.96%, crude fat (5.61%), crude fibre (8.11%), ash (4.55%), nitrogen free extract (28.55%) and gross energy (3.94 kcal/g) for toasted Mucuna sloanei. One of the major limiting factors of legume utilization is the presence of anti-nutritional factors (Oke et al., 2002) .
Similar to other leguminous grains, Mucuna seeds possess anti-nutritional factors such as Ldihydroxyphenylalanine, tannins, trypsin inhibitors etc. (Ukachukwu and Obioha 1997, Akinmutimi and Okwu, 2006) . reported that Mucuna sloanei contains Ldihydroxyphenylalanine (3.61%), tannin (0.17%) and hydrogen cyanide (8.27%). There is therefore, the need to process the seed in order to reduce or completely eliminate some or all of the antinutrients before use for efficient utilization of the nutrients. Therefore, cooking is one of the most effective means of detoxifying feed ingredients. Ukachukwu and Obioha (1997) recommended detoxification by cooking for 90 minutes or toasting for 60 minutes. This study therefore was aimed at investigating the effect of cooked Mucuna sloanei meal on the growth performance, carcass characteristic and blood indices of finisher broilers.
MATERIALS AND METHODS
Study Area
The experiment was carried out in the teaching and research farm of Imo State University, Owerri. Owerri lies between latitudes 5 o 35ˈN and 6 o 10ˈN and longitudes 6 o 40ˈE and 7 o 11ˈE at 90m above sea level. It has an annual mean temperature of 32.18 o C and annual rainfall of 192-194cm with a relative humidity of 77-78.42% annually (Federal Ministry of Aviation, Atlas of Imo State, 1984) .
Source and Processing Of Mucuna Sloanei
The Mucuna sloanei seeds were bought from a reputable source in Afor Oru market in Ahiazu Mbaise LGA of Imo State. The seeds were cracked, dehulled, soaked in water overnight and cooked in water for 60 minitues. Thereafter, the seeds were dried in the sun for 7 days. It was then ground into fine powdery Mucuna sloanei meal which was subjected to proximate analysis according to AOAC (2010) .
Experimental Diets
Four finisher broiler diets were compounded, incorporating cooked Mucuna sloanei meal (CMSM) at 0, 5.0, 10.0 and 15.0% inclusion levels respectively partly replacing soya bean in the control diet. The diets were thus designated as T0, T5.0, T10.0 and T15.0, respectively. The ingredient and calculated nutrient composition of the diets are shown in Table 1 .
Experimental Birds and Designs
One hundred and twenty (120) delight super strain broiler chicks bought from a reputable dealer in Owerri were used for the trial. The birds were randomly divided into four groups of 30 broilers and each group randomly assigned to one of the four treatment diets in a completely randomized design (CRD). Each group was further subdivided into 3 replicates of 10 birds per replicate and each replicate housed in a deep litter compartment measuring 1 m × 1.5 m. Feed and water were provided ad libitum. The trial lasted for 28 days.
Data Collection and Analysis
The birds were weighed at the beginning of the experiment to obtain their initial body weights and then weekly thereafter. Daily feed intake was determined by subtracting the weight of leftover feed from the weight of the feed given the previous day. Data collected included initial body weight, weekly body weight, final body weight and daily feed intake. Feed conversion ratio was calculated by dividing the average daily feed intake by the average daily weight gain.
Carcass Evaluation
At the end of the feeding trial, three birds were randomly selected from each treatment (one per replicate) and used for evaluation of carcass and internal organ weights. The birds were starved of feed overnight and then slaughtered by severing the jugular vein with sharp knife after they have been weighed. The birds were defeathered and eviscerated. The live weights and dressed weights were recorded and the internal organ (liver, kidney, heart, gizzard and intestine) were recorded and expressed as percentage of live weight.
Haematology and Blood Biochemistry
At the end of the 28 days feeding trial, 5-ml blood samples were collected from three birds from each treatment and placed in the specimen bottles with and without Ethylene Diamine Tetra Acetic Acid (EDTA) for haematological and blood biochemical evaluation, respectively according to Monica (1984) .
Statistical Analysis
Data collected were subjected to one-way analysis of variance (Snedecor and Cochran 1978) where analysis of variance indicated significant treatment effects; means were compared using Duncan's New Multiple Range Test (DNMRT) as outlined by Obi (1990) . 
RESULTS AND DISCUSSION
Proximate Composition
The proximate composition and phytochemical composition of cooked Mucuna sloanei meal (CMSM) are shown in Table 2 . The crude protein content and nitrogen free extract were similar to the report of Akpata and Miachi (2001) and . Table 2 shows some anti-nutritional factors present in CMSM implying that cooking does not completely remove these toxic elements from the seed.
Performance of Finisher Broilers
The performance of the experimental finisher broilers is shown in Table 3 . The growth performance table shows that there were no significant differences (p > 0.05) in the average daily body weight gain, average daily feed intake and feed conversion ratio for all the various dietary treatments. This is similar to the report of . This non-significant difference implies that Mucuna sloanei could serve as an alternative to soya bean at these levels without any deleterious effect. However, 5% dietary level gave better performance for average daily weight gain feed conversion ratio and cost effectiveness relative to other Mucuna dietary levels. Feed intake was depressed at 15% dietary levels.
The cost effectiveness of using Mucuna sloanei as a substitute to soya bean in broiler production showed that feed cost increased at 111.00%, 182% and 210% as the dietary level of CMSM increased. However, cost of any feed ingredient depends on the availability of the ingredients, season and the forces of demand and supply.
Carcass Characteristics
The internal organ weights are shown in Table 4 . There were no treatment effects (p > 0.05) on the liver and heart (% of live weight). This implies that the CMSM did not cause any harm or damage to the organs. There were no treatment effect (p > 0.05) on the percent dressed weight, breast muscle, wing, shank and drumstick as shown in the Table 4 .
Haemetology and Blood Biochemistry
The haemetological and blood biochemical indices of broilers fed CMSM are shown in Table 5 . The haemoglobin and RBC were significantly decreased (p < 0.05) at 15% dietary level. Reduction in the values of haemoglobin and red blood cell (RBC) could be signs of anaemia ) and may also be a pointer to congenital heart disease, lung disease, dehydration and kidney disease (Odoemelam et al., 2014) . There were no treatment effects on the packed cell volume (PCV) for all the various dietary levels and the values were within the range recommended by Siegmum (1979) . It means that the cooking process was able to detoxify the antinutrients to the extent that allowed proper nutrient utilization for red blood formation. The white blood cell (WBC), mean cell volume (MCV), mean cell haemoglobin (MCH) and meaqn cell haemoglobin concentration (MCHC) were statistically similar (p > 0.05). This was an indication of no infection or toxin injection into the blood stream as a result of the detoxifying action of the cooking process.
Total protein and creatinine were significantly decreased at 15% dietary levels. Serum protein has been implicated as a pointer to strong amino acid metabolism (Shulkla and Pachaurii 1995). Decreased serum protein concentration is an indication of alteration of normal protein metabolism due to interference of protein utilization (Bolu and Balogun, 2009) .
Increased serum creatinine has been reported to be due to metabolism of muscle protein and indicative of increased protein degradation enzymes arginase, orinithine, trascarbamilase responsible for regulating creatinine levels (Bolu and Balogun, 2009 ). Low value of creatinine indicates no muscle wastage. The decreased value of creatinine obtained in this study indicates that there was no muscle wastage . Serum enzymes activities are used for checking toxicity as well as monitoring protein quality . The enzymes, serum alkaline phosphatase (ALP), serum glutamic oxaloacetic transaminase (SGOT) and serum glutamic pyruvic transaminase (SGPT) were statistically similar for all the different dietary treatments. This indicates that there was no poisoning of the blood of the broiler by the use of cooked Mucuna sloanei meal.
CONCLUSION
The results of the trial showed that cooked Mucuna sloanei meal can serve as a replacement to soya bean meal in broiler finisher diet at 5% level. Beyond 5% level, the average daily weight gain decreases and feed conversion ratio increases. Inclusion of cooked Mucuna sloanei meal in the diet of broiler finisher birds had no effect on the carcass, haematology and blood biochemistry of broiler finishers. It is therefore concluded that for optimal broiler growth, 5% dietary levels of cooked Mucuna sloanei meal is recommended.
INTRODUCTION
The most critical challenge of the livestock and poultry industry is the provision of good quality feed for the animals. Quality feeds are expensive because most of the constituent feed materials such as soya bean, maize, fish meal and groundnut cake are utilized not only by the animals but by humans and industries as well. Competition for these feed items (especially protein feeds such as soya bean) hikes the price, leading to high cost of production and hence of poultry products. Soya bean is an oil seed legume, high in protein (44-47 crude protein) and forms the major source of plant protein for non-ruminants mainly poultry, constituting 20-30% level of inclusion in poultry ration . The over dependence on soya bean as major protein source for monogastric animal feeding and industrial purposes has increased its scarcity and consequent high cost of production. There is need, therefore, to investigate into some other legume seeds that are rich in protein and have the potential to either partially or wholly replace soya bean in poultry ration and support the growth and life of the poultry industry.
Mucuna sloanei is one of the promising legumes that are rich in protein and may serve as an alternative to soya bean. The seeds are used in southeastern Nigeria as condiment and for soup thickening . Its seed yield is about 0.8-2.0 t/ha with crude protein of about 28% . reported 23.92 crude protein, 3.18 crude fibre, 6.57 ether extract, 1.95 ash and 55.19 carbohydrate for Mucuna sloanei. reported different values for the proximate composition when fermented for varying durations: 13.12, 15.31 and 32.82% crude protein respectively for 24, 48 and 72 h fermentation; crude fat was 6.0% (unfermented) and 6.5, 4.0 and 5.0% respectively for 24, 48 and 72 h fermentation; ash was 1.8% (unfermented) and 1.6, 0.8 and 1.0% respectively for 24, 48 and 72 h fermentation; while carbohydrate was 69.82% (unfermented) and 70.48, 72.29 and 51.59%, respectively for 24, 48 and 72 h fermentation.
One of the major constraints to legume utilization is the presence of anti-nutritional factors (Oke et al., 2002) . Similar to other legumes, mucuna grains possess anti-nutritional factors such as L-dihydroxyphenylalanine, tannins, trypsin inhibitors etc. (Ukachukwu and Obioha, 1997; Akinmutimi and Okwu, 2006) . There is need to process the seed in order to reduce the effect of these anti-nutrients. Fermentation is one of the traditional and most effective ways of detoxifying feed items before use. It is known to have added value to foods and has been reported to increase the soluble phenolic content of legumes, thereby enhancing its anti-oxidant activities (Oyarekua, 2011) . Torres et al. (2006) reported a remarkable improvement in the nutritive value and quality of legume seeds through fermentation. also reported that fermentation increased the protein content, moisture and crude fibre content of the Mucuna sloanei flour.
This study therefore was aimed at investigating the effect of fermented Mucuna sloanei meal on the growth performance, carcass characteristics and blood indices of broiler finisher birds.
MATERIALS AND METHODS
Source and Processing of Mucuna Seeds
The Mucuna seeds were bought from a reputable source in Afo Oru market in Ahiazu Mbaise LGA of Imo State. The seeds were dehulled manually by cracking with hammer and the seeds were sorted to remove bad ones. Thereafter, the seeds were soaked in water for 72 h. Water was changed daily. After 72 h fermentation, the seeds were washed and sun dried for seven days. The fermented dried seeds were milled into a fine powdery Mucuna sloanei meal. Samples of the meal were subjected to proximate and phytochemical analysis according to AOAC (2010) .
Experimental Diets
Four finisher broiler diets were compounded, incorporating fermented Mucuna sloanei meal (FMSM) at 0, 5.0, 10.0 and 15.0% inclusion levels partly replacing soya bean in the control diet. The diets were designated as T0, T5.0, T10.0 and T15.0 respectively. The ingredient and calculated nutrient composition of the diets are shown in Table 1 .
Experimental Birds and Design
One hundred and twenty (120) delight super strain broiler chicks bought from a reputable dealer in Owerri were used for the trial. The birds were randomly divided into four groups of 30 broilers and each group randomly assigned to one of the four treatment diets in a completely randomized design (CRD). Each group was further subdivided into three replicates of 10 broilers each and each replicate housed in a deep litter compartment measuring 1 m × 1.5 m. Feed and water were provided ad libitum. The trial lasted for 28 days. 
Data Collection and Analysis
The birds were weighed at the beginning of the experiment to obtain their initial body weights and then weekly thereafter. Daily feed intake was determined by subtracting the weight of leftover feed from the weight of the feed given the previous day. Data were collected on feed intake, body weight changes and feed conversion ratio. Feed conversion ratio was calculated as the average daily feed intake divided by average daily weight gain.
Carcass Evaluation
At the end of the four-week feeding trial, three birds were randomly selected from each treatment (one per replicate) and used for evaluation of the carcass and internal organ weights. The birds were starved of feed overnight and then slaughtered by severing the jugular vein with sharp knife after they have been weighed. The birds were defeathered and eviscerated. The live weights and dressed weights were recorded. Also weights of internal organs (liver, kidney, heart and gizzard) and length of intestine were taken and recorded and expressed as percentage of live weight.
Haematology and Blood Biochemistry
At the end of the 28-day feeding trial, blood samples were collected from 3 birds from each treatment and 2mls of blood placed in the specimen bottles with Ethylene diamine tetra acetic acid (EDTA) and 5mls of blood placed in the specimen bottle without EDTA for haematological and blood biochemical indices, respectively. Blood was analyzed within 3 hours of collection for red blood cell (RBC) count, haemoglobin concentration (HB), white blood cell count (WBC), packed cell volume (PCV), mean corpuscular haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), mean cell volume (MCV) and white blood cell, using standard methods (Monica, 1984) . Blood biochemical indices analyzed included total protein, cholesterol, urea, creatinine, liver enzymes and the electrolytes sodium, potassium, carbonate and chloride (Monica, 1984) .
Statistical Analysis
Data collected were subjected to analysis of variance as outlined by Snedecor and Cochran (1978) where analysis of variance indicated significant treatment effects; means were compared using Duncan's New Multiple Range Test (DNMRT) as outlined by Obi (1990) .
RESULTS AND DISCUSSION
Proximate Composition
The proximate and phytochemical compositions of the fermented Mucuna sloanei meal are shown in Table 2 . The crude protein content, ether extract and nitrogen free extract were very close to the values reported by . The presence of anti-nutritional factors supports the report of Oke et al. (2002) and shows that fermentation did not completely eliminate the anti-nutrients. 
Performance of Finisher Broilers
The performance of the experimental broiler finishers birds is shown in Table 3 . Average daily body weight changes and average daily feed intake decreased significantly (p < 0.05) as the dietary levels of fermented Mucuna sloanei meal (FMSM) increased. Feed conversion ratio increased significantly (p < 0.05) as the dietary intake of FMSM increased. The significant depression in feed intake and body weight gain as the dietary level of FMSM increased could be attributed to the presence of anti-nutritional factors such as tannin and saponin. Saponin has been reported to possess some bitterness (Sodipo and Akiniyi, 2000; Okwu, 2004) and caused retardation of growth rate due to a reduction in feed intake in poultry, rats, rabbits and swine (Cheeke and Shull, 1985) . In rabbit and rat, condensed tannin from the browse plant Robin's pseudoacacia caused reduced feed intake, reduced growth and coprophogy (Raharjo et al., 1990) and reduced protein digestibility (Horigone et al., 1988) . Consequently, the values for the feed conversion ratio increased as intake of FMSM increased. The feed cost per kg weight gain also increased as the inclusion levels of FMSM increased. The fermented Mucuna sloanei meal even at 5% dietary levels showed poor performance relative to the control (p < 0.05) for average daily weight gain and more so feed cost per kg weight gain increased tremendously. This finding supports the report of Akinmutimi and Essien (2011) that dehulled Mucuna sloanei meal could not replace soya bean meal even at 5% dietary level of inclusion.
Carcass Characteristics
The carcass and internal organ weights are shown in Table 4 . The dressed weight and breast weight decreased significantly as the dietary levels of FMSM increased. The decrease in the breast weight (% live weight) of the group fed FMSM was an indication that nutrients required for tissue synthesis were not sufficient. This could be attributed to poor utilization of protein due to the presence of anti-nutritional factors such as Ldihydroxyphenylalanine and tannin. Tannin is reported to form complexes with dietary proteins (Vaithiyanathan and Kumar, 1993) as well as endogenous proteins including enzymes and this may inhibit the actions of proteolitic enzyme from undergoing normal metabolism of proteins. Matthew et al. (2010) reported that higher percentage breast indicated better protein utilization by birds. The dressed percentage (69.69 to 73.51%) were within the range (60.30-74.65%) recommended for broiler chickens (Bangbose and Niba, 1998). The control gave best dressing percentage which was an indication that higher dietary energy gave higher percentage dressed weight (Igwuene, 2013). The heart was significantly increased (p < 0.05) at 15% dietary level. This could be attributed to the toxic effect of Evaluation of the Growth Performance, Carcass Characteristics and Blood Indices of Broiler Finishers Fed Graded Levels of Fermented Mucuna sloanei Seed Meal 42 the Mucuna seeds. 15% dietary level or more is capable of causing or stimulating cardiac hypertrophy. The weight of the liver increased significantly (p < 0.05) with the dietary inclusion of FMSM. The enlargement of these organs could be due to increased metabolic activities of the liver in trying to make up for reduced availability of proteins due to presence of anti-nutritional factors (Omeje, 1999; Marty and Chavez, 1993; Matthew et al., 2010) . The findings support the report that liver is a major detoxification organ and hence increase in its activities may result in enlargement and probably increased weight (Akinmutimi, 2004; .
Haematology and Blood Biochemistry
The results of the haematological and blood biochemical indices of FMSM are presented in Table 5 . Apart from red blood cell that was significantly influenced (p < 0.05) by dietary treatments, all other haematological parameters measured were not significant (p > 0.05). There was no significant treatment (p > 0.05) effect in all the serum biochemical indices examined except the total proteins and creatinine which were significantly influenced (p < 0.05) by dietary treatments. Red blood cell decreased significantly (p < 0.05) at 15% dietary level of inclusion. Low values of red blood cell could be an indication of anaemia ). Low value of red blood cell at 15% dietary level could be due to the toxins from the test material as a result of anti-nutrients. White blood cell that was statistically similar was a sign of absence of any specific infection from the feed. Total proteins decreased significantly (p < 0.05) with the dietary inclusion of FMSM. This could be attributed to the anti-nutrienttannin that forms complexes with protein thereby making it unavailable. The globulin and albumin decreased significantly with the inclusion of FMSM. Globulins are carriers of certain metals through the blood stream to various parts of the body that helps to fight infection. Globulin often rises with heavy infections because of increased production of antibodies. The decrease in globulin level was an indication of absence of infection arising from the test feed. Low values of creatinine could mean that there was no muscle wastage . Okorie, K.C., Esiegwu, A.C. and Okonkwo U.N.
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